We report measurements of transverse beam halo in mismatched proton beams in a 52-quadrupole FODO transport channel following the 6.7-MeV LEDA RFQ. Beam profiles in both transverse planes are measured using beam-profile diagnostic devices that consist of a movable carbon filament for measurement of the dense beam core, and scraper plates for measurement of the halo. The gradients of the first four quadrupoles can be independently adjusted to mismatch the RFQ output beam into the beam-transport channel.
INTRODUCTION
As a result of theoretical research during the past decade, we believe space-charge forces in mismatched beams are the main source of beam halo in high current proton beams. A beam is matched when there is a balance between the inwardly directed focusing force and the outwardly directed space-charge force plus a pressure force from the emittance. Beam mismatch corresponds to an imbalance in the forces, which acts in two ways. First, mismatch produces an immediate increase in particle transverse amplitudes and coherent oscillations of the rms beam sizes. Second, the nonlinear space-charge force seen by individual particles, acting while the beam is undergoing coherent rms-size oscillations, slowly drives some particles to even larger amplitudes; this mechanism has been described by a particle-core model [1, 2, 3] and identified as a parametric resonance [2] . The experiment will test these ideas by observing the properties of the beam after introducing a deliberate mismatch.
BEAM HALO EXPERIMENT
A 52-quadrupole FODO beam-transport channel was installed at the end of the Low-Energy Demonstration Accelerator (LEDA) 6.7-MeV, 350-MHz RFQ to carry out a first experimental study of beam-halo formation in a proton beam [4, 51. The channel is long enough for the development of about 10 mismatch oscillations, enough to observe the initial stages of emittance growth and halo formation caused by mismatch. A large compliment of beam diagnostics is provided [SI. The key diagnostic component is a special transverse beam profile scanner [7] consisting of a thin, 33p diameter, carbon wire for measurement of the dense beam core, and a pair of 1.5-mm thick scraper plates to provide greater sensitivity for measurement of the outer halo regions. Each wire and its associated pair of scraper plates are mounted on a common movable frame. As the protons pass through the wire a signal is induced from secondary electron emission. The scraper plates are water cooled and are constructed of graphite brazed onto copper. A signal is induced by the beam protons that stop in the plates. The data ffom the wires and the plates are combined using computer software to produce a single distribution. The device has a large dynamic intensity range of about 1 05: 1. Nine measurement stations, shown in Beam matching was done by adjusting the first four quadrupoles to produce equal rms sizes in both x and y. We estimate a measurement uncertainty for the rms beam sizes of less than Sop, caused mostly by transverse beam jitter. A least-squares-fitting procedure was used based on measurements of derivatives of rms sizes with respect to matching quadrupole gradients. The Courant-Snyder parameters of the matched beam can be calculated using TRACE3D. Pure mode mismatches are calculated by scaling the Courant-Snyder parameters to the desired values and finding the settings of the matching quadrupoles that produce these values. For example, multiplying each of the four matched transverse CourantSnyder ellipse parameters a,, px, %, and p, by the same scaling factor produces a pure breathing-mode mismatch. Multiparticle simulations in the transport channel have been carried out using the IMPACT code with a 3D -particle-in-cell space-charge subroutine. The simulations use IO-million particles and an input beam distribution determined from multiparticle simulation through the RFQ, using previous emittance measurements made at the location of the RFQ entrance. The measured results are not in good agreement with these simulations. More work is required to investigate the dependence of the simulation results on the input beam characteristics. Dibtance(m) Figure 5 . Rms normalized emittance in x at 75mA versus distance at different breathing mode mismatch strengths.
